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(54) Method for mask data verification and computer readable record medium recording the 
verification program 



(57) An object of the present invention is to accu- 
rately verify errors, etc. in programs when corrections of 
mask data are carried out by the programs. In order to 
correct the mask data based on predetermined condi- 
tions, a method for mask data verification according to 
the present invention comprises the steps of preparing 



corrected mask data by using a plurality of programs 
each of which has a different algorism, comparing each 
of corrected maskdata which is prepared in the previous 
step and as a result of the comparison, if there are dif- 
ferences among the corrected mask data, extracting er- 
rors which cause troubles as mask data from the differ- 
ences. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a method for mask data verification in order to verify whether mask pattern 
data used in a manufacturing process of semiconductor devices, etc. is proper, and a computer readable record medium 
recording the verification program. 

10 

2. Description of the Related Art 

[0002] When preparing mask patterns for manufacturing semiconductor devices, for the purpose of improving a 
margin of accuracy of wafer patterning, etc., correction processes accompanied by changes in the shapes of patterns, 
15 which are typified by optical proximity effect corrections, have been used with growing frequency. 

[0003] Among the correction processes, for example, in a case of a rule-based one-dimensional optical proximity 
effect correction (hereinafter referred to as OPC), there is a method to carry out a correction process as shown in Fig. 
1 by providing, for example, correction conditions shown in Table 1. 
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[0004] In the case of an example shown in Table 1 and Fig. 1, for each of the line widths of a mask pattern to be 
corrected, its correction amount is determined by a relationship with a distance to an adjacent pattern. In a mask pattern 
P1 shown in Fig. 1 , the line width is B, and a distance to an adjacent pattern P2 is a, so 6 is obtained from the correction 
amounts shown in Table 1 . As a result, the line width B of the mask pattern P1 to be corrected is extended by a portion 

45 of 5. 

[0005] Thus, operations to determine the correction amount of the mask pattern and to carry out the correction are 
generally implemented by software on a computing apparatus. 

[0006] In a process of calculating the correction amount by the software, when the correction process is not properly 
carried out due to some reason such as a sporadic error of the computing apparatus (memory error, etc.) and a cal- 
50 culation error based on an algorithm, an abnormal mask pattern is prepared so as to lead a significant problem in the 
manufacture of the semiconductor devices, etc. It is, therefore, required to verify whether the mask pattern is properly 
corrected. 

[0007] However, such correction process of the mask pattern involves a change in the shape of the pattern, so it is 
difficult to easily verify whether the correction process is property carried out. Various techniques for the mask pattern 
55 verification have been previously disclosed. 

[0008] For example, there is a method for verification that several check points are set on a pattern, and lengths at 
the check points are artificially measured by some means. In the method, when measured results are property complied 
with the correction conditions, it is considered that the whole pattern is proper. However, this verification method is 
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effective to detect a trouble which affects the whole pattern, such as a mistake in the correction conditions, but other 
troubles cannot be verified unless otherwise a trouble at any of the check points accidentally occurs. 
[0009] Also, as disclosed in the Japanese laid-open patent publication No. Hel. 11-174659, there Is a method for 
verification to verify whether there is a change in a pattern which exceeds the maximum correction amount shown in 

5 ' a correction table which is used. The method can be implemented on both a pattern to be corrected and a corrected 
pattern by relatively simple graphic computations, though the method cannot verify in a case where the abnormality 
of the pattern resulting from an arising problem does not exceed the maximum correction amount. 
[0010] Further, as disclosed in the Japanese laid-open patent publication No. Hei. 11-184064 and Hei. 11-282151, 
there are methods to verify by using a simulation whether the corrected result of a pattern is resolved without any 

10 trouble in a lithography process. However, the methods are to assure that the corrected result of the pattern cause no 
trouble in the lithography process, but not to assure the corrected mask pattern is a designed one. Also, there is a 
problem that the verification by using the simulation requires enormous amounts of time. 
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SUMMARY OF THE INVENTION 



[0011] The present invention has been achieved to overcome such problems. A method for mask data verification 
according to the invention comprises the steps of preparing corrected mask data by each of a plurality of programs 
which has a different algorism for the mask data, comparing each of the corrected mask data which is prepared in the 
previous step, and as a result of the comparison, if there is a difference among the corrected mask data, extracting an 

20 error which causes a trouble as mask data from the difference. 

^ [001 2]^^ The method for mask data veri ficatio n further comprises the^ste ps of preparing corrected mask data by each 
of a plurality of programs which has a different algorism for the mask data, comparing each of the corrected mask data 
which is prepared in the previous step, and as a result of the comparison, If there are a plurality of differences among 
the corrected mask data, eliminating errors which cause no trouble as mask data from the differences and extracting 

25 errors which cause troubles as mask data from the remaining differences. 

[0013] In this invention, in order to carry out corrections to the mask data based on predetermined conditions, cor- 
rected mask data is prepared by each of the plurality of programs which has a different algorism. Although each of the 
programs has a different algorism, its purpose is the same, so if the same correction conditions are used, each of the 
programs outputs an identical corrected mask data with one another. Therefore, as a result of comparing each of the 

30 corrected mask data which are prepared by the programs, if there are differences, errors which cause troubles as mask 
data are extracted from the differences so that the verification of the mask data can be properly carried out. 
[0014] Other and further objects, features and advantages of the invention will appear more fully from the following 
description. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is a schematic diagram showing an example of a mask pattern correction. 
40 Fig. 2 is a block diagram describing a method for mask data verification according to the embodiment of the in- 

vention. 

Fig. 3 is a schematic diagram showing an example of a complicated mask pattern. 

Fig. 4 is a schematic diagram showing another example of the complicated mask pattern. 

Fig. 5A and Fig. 5B are schematic diagrams showing examples of the corrections of the mask pattern shown in 

45 Fig. 3- 

Fig. 6A and Fig. 68 are schematic diagrams showing examples of the corrections of the mask pattern shown in 
Fig. 4. 

Fig. 7Aand Fig. 7B are schematic diagrams showing examples of the corrections of an end of a mask pattern. 

50 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0016] The embodiment of the present invention will be described hereinafter with accompanying drawings. Fig. 2 
is a block diagram describing a method for mask data verification according to the embodiment. The embodiment is 
to verify whether a corrected mask pattern is properly corrected, when a correction process accompanied by a change 
55 in the shape of a pattern, typified by an optical proximity effect con-ection (OPC). is carried out on a mask pattern written 
by mask data. 

[0017] More specifically, in the embodiment, when a correction based on predetermined conditions for the correction 
such as OPC is carried out on mask data, by a plurality of programs (for example, two programs) each of which has 
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a different algorism, corrected mask data are prepared, compared with each other and verified based on the result of 
the comparison. 

[0018] In other words, the method for mask data verification according to the embodiment comprises the steps of 
preparing writing data of a mask (S1) and carrying out the OPC process by a first program as a first correction process 

5 and determining the result of the first correction by calculation {S2). 

[0019] In parallel with the first correction process, a second correction process into which the same writing data is 
inputted is carried out and the result of a second correction is determined by calculation (S3). The second correction 
process uses a program with the same purpose as the first program and a different algorism from the first program. 
[0020] Next, a comparison process between the results of the first correction and the second correction is carried 

10 out (S4). As a result of the comparison, if there are differences between the results of the first and the second correc- 
tions, the differences are outputted as first correction errors (S5). The first correction errors include errors which will 
cause troubles in a subsequent process (photo lithography process) and errors (differences) which will cause no trouble. 
[0021] Therefore, a false error elimination process for eliminating false errors from the first correction errors is carried 
out (S6). The false errors mean errors which will cause no trouble in the subsequent process in the first correction 

15 errors. By carrying out the false error elimination process, errors which will cause troubles in the subsequent process 
are only outputted as second correction errors (S7). If the second errors are outputted, there are a correction error 
either in the first correction process or the second correction process, so either of the results which does not have the 
correction error is transferred to a writing process (S8). 

[0022] A basic concept of the method for verification according to the embodiment is based on that when the programs 
20 with the same purpose have different algorisms, there is an extremely low possibility that both of the programs make 
identical errors^ln other words, as long as both of the programs are properly implemented, the results jn a range 
indicated by specifications (the results based on the same conditions) should be identical. 

[0023] However, if there is an ambiguous part in the specifications of the programs, there is a possibility that differ- 
ences between the results processed by the both programs may arise. 
25 [0024] For example, when a mask pattern with the line width shown in Table 1 is corrected, in a part where the line 
width of the mask pattern is cleariy indicated, the identical results can be obtained by different programs. However, 
when the mask pattern is complicated, it is difficult to specify its line width, so there is a possibility that differences 
between the results of corrections due to dilTerent algorisms in the programs may arise. 

[0025] Each of Fig. 3 and Fig. 4 shows a schematic diagram describing an example of a complicated mask pattern. 
30 Fig. 3 shows an example of a L-shaped mask pattern Pa composed of the line widths of and W2. In the mask 
pattern Pa, for the correction of a diagonally shaded area in the drawing, it is not specified that either of the line widths 
of or W2 is used, so the way of the correction depends on algorisms In the programs. 

[0026] Further, a mask pattern Pb shown in Fig. 4 is composed of a combination of the line widths of W3, W4 and 
W5. For the corrections of diagonally shaded areas in the drawing, it is not specified which width of W3, W4 and W5 
35 are used, so the way of the corrections depends on algorisms in the programs. 

[0027] Fig. 5A and Fig. 5B are schematic diagrams showing examples of the corrections of the mask pattern shown 
in Fig. 3. Fig. 5A shows an example of the correction according to the first program and Fig. 58 shows an example of 
the correction according to the second program. In the both drawings, areas indicated by two-dot chain lines are cor- 
rected areas. 

40 [0028] As shown in Fig. 5A, in the first program, an overiapped area (the diagonally shaded area in the drawing) of 
the mask pattern Pa is corrected in the same manner of the other areas. On the other hand, as shown in Fig. 58, in 
the second program, the overiapped area (the diagonally shaded area in the drawing) of the mask pattern Pa is not 
corrected. It is because of a difference of algorisms between the both programs, and the algorisms based on their own 
concept are constructed for the areas where the specifications are ambiguous. 

45 [0029] Further, each of Fig. 6Aand Fig. 68 shows a schematic diagrams of an example of the correction of the mask 
pattern shown in Fig. 4. Fig. 6A shows an example of the correction according to the first program and the Fig. 68 
shows an example of the correction according to the second program. In both drawings, areas indicated by two-dot 
chain lines are corrected areas. 

[0030] As shown in Fig. 6A, in the first pi-ogram, bending areas of the mask pattern Pb (areas indicated by broken 
50 lines) are corrected in the same manner of other areas. On the other hand, as shown in Fig. SB, in the second program, 
the outsides of bending areas of the mask pattern Pb (areas indicated by broken line) are not corrected. Likewise, it 
is because of a difference of algorisms between the both programs, and the algorisms based on their own concept are 
constructed for the areas where the specifications are ambiguous. 

[0031] Further, each of Fig. 7A and Fig. 78 shows a schematic diagram of an example of an end of the mask pattern. 
55 Fig. 7A shows an example of the correction according to the first program and Fig. 78 shows an example of the 
correction according to the second program. In both drawings, areas indicated by two-dot chain line are corrected areas. 
[0032] As shown in Fig. 7A. in the first program, an end of a mask pattern Pc is con-ected in the same manner of the 
other areas. On the other hand, as shown in Fig. 78, in the second program, the end of the mask pattern Pc is not 
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corrected. Likewise, it is because of a difference of algorisms between the both programs, and the algorisms based 
on their own concept are constructed for the areas where the specifications are ambiguous. 

[0033] Thus, differences between the programs each of which has a different algorism in the results of corrections 
may arise. In the first correction error shown in Fig. 2, differences between the result of the first con-ection by the first 

5 program and the result of the second correction by the second program are simply indicated. 

[0034] In the embodiment, a process for eliminating false errors from the first correction errors is carried out, and 
only correction errors which cause troubles In the subsequent process are extracted. In the false error elimination 
process, there are cases that the differences in the results of corrections due to the difference of algorisms between 
the both programs shown in Fig. 5A through Fig. 7B are considered as ^Ise errors, and not considered as false errors. 

10 [0035] In other words, the differences in the results of the corrections due to the differences of the algorisms between 
the both programs shown in Fig. 5A through Fig. 7B arise in areas where the specifications are ambiguous, so most 
of them basically cause no trouble in the subsequent process. When the differences can be considered not to cause 
any trouble in relation to other mask pattern layouts, the differences in the results of the con-ections shown in Fig. 5A 
through Fig. 7B are eliminated from the first correction error as false errors in the false error elimination process. 

15 [0036] On the other hand, when the differences in the results of the con-ections shown in Fig. 5A through Fig. 78 
cause troubles in the subsequent process in relation to other mask pattern layouts, the differences are not considered 
as false errors so the differences are not eliminated. 

[0037] If the conditions of the false errors can be specified, the false en-ors can be easily eliminated by DRC which 
is general-use software used in a design process. By eliminating the false errors from the first correction errors, bugs 

20 in the programs and errors which occur due to a sporadic problem in a computing apparatus and affect the subsequent 
process can be extracted as the second correction ^e^^^ _ _ ^ 

[0038] the false errors depend on algorisms in the both programs. \A/hen the programs are changed, false errors 
arisen due to differences of the algorisms between the programs are newly registered. Thereby, errors in the results 
of corrections by the programs can be accurately detected. 

25 [0039] Further, in the embodiment, by using a plurality of programs each of which has a different algorism, a plurality 
of results of correcfions are produced, and by carrying out the first correction process (S2) in parallel with the second 
correction process (S3) as shown in Fig. 2, a delay in calculation time can be prevented. 

[0040] Further, in the embodiment, the first correction process (S2), the second correction process (S3), the com- 
parison process (S4) and the false error elimination process (86) shown in Fig. 2 may be implemented as software 
30 and stored in a medium such as a CD-ROM (Compact Disc-Read Only Memory). In other words, by installing a program 
composed of the embodiment on a computing apparatus by the CD-ROM, the embodiment can be implemented on a 
desired computing apparatus. 

[0041] Moreover, In the embodiment as described above, two programs are used to produce the results of the cor- 
rections of the mask pattern, but in the present invention, programs are not limited to two, but three or more programs 
35 can be used. Also, for the corrections of the mask pattern, the OPC process is used but any other correction processes 
are applicable. 

[0042] As described above, according to the present invention, errors which cause troubles as mask data can be 
accurately extracted from the differences among mask data corrected by a plurality of programs, so the mask data can 
be accurately verified. Further, errors due to the algorisms in programs or errors due to a sporadic problem in a com- 
40 puting apparatus can be detected, so adverse effects to the subsequent process due to these errors can be reliably 
prevented. 

[0043] Obviously many modifications and variations of the present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the scope of the appended claims the invention may be practiced 
otherwise than as specifically described. 

45 

Claims 

1. A method for mask data verification comprising the steps of: 

50 

preparing corrected mask data by each of a plurality of programs which has a different algorism for the mask 
data; 

comparing each of the corrected mask data which is prepared in the previous step; and 
as a result of the corhparison, if there is a difference among the corrected mask data, extracting an error which 
55 causes a trouble as mask data from the difference. 

2. A method for mask data verification comprising the steps of: 
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preparing corrected mask data by each of a plurality of programs which has a different algorism for the mask 
data; 

comparing each of the corrected mask data which is prepared in the previous step; and 
as a result of the comparison, if there are a plurality of differences among the corrected mask data, eliminating 
5 errors which cause no trouble as mask data from the differences and extracting errors which cause troubles 

as mask data from the remaining differences. 

3. A computer readable recording medium recording a verification program of mask data, the verification program 
comprising the steps of: 

10 

preparing corrected mask data by each of a plurality of programs which has a different algorism for the mask 
data; 

comparing each of the corrected mask data which is prepared in the previous step; and 
as a result of the comparison, if there is a difference among the corrected mask data, extracting an error which 
15 causes a trouble as mask data from the difference. 

4. A computer readable recording medium recording a verification program of mask data, the verification program 
comprising the steps of: 

20 preparing corrected mask data by each of a plurality of programs which has a different algorism for the mask 

data; 

comparing each of the corrected mask data which is prepared in the previous step; and 
as a result of the comparison, if there are a plurality of differences among the corrected mask data, eliminating 
errors which cause no trouble as mask data from the differences and extracting errors which cause troubles 
25 as mask data from the remaining differences. 
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